Background -Smoking may cause inflammation of the airways and impairment of lung function. To determine the relationship between the type and degree of airways inflammation and the decline in lung function, leucocytes in the
Patients with chronic obstructive pulmonary disease (COPD) have a considerable clinical and functional heterogeneity with respect to mucus hypersecretion, airways obstruction, and progression of disease. Cigarette smoking is the most important cause of COPD, but only a few smokers (10-20%) will develop clinically overt disease.1 The risk for a smoker of developing progressive disease is linked to the rapid decline in forced expiratory volume in one second (FEV1) with age. The mechanisms for the increased susceptibility in some smokers and the identification early in life of high risk smokers remain unknown.
In earlier studies of COPD emphasis was put on clinical, epidemiological, and functional aspects of the disease. Niewoehner et al were among the first to show that smoking produces a respiratory bronchiolitis and alveolitis associated with structural changes in the peripheral airways.2 More recent pathological investigations in COPD have found an inflammatory infiltrate with predominantly mononuclear cells in large and small airways,3 4 activated T cells and increased macrophages in bronchial mucosa from bronchial biopsy samples,5 and intraluminal neutrophilia in bronchoalveolar lavage fluid. 8 Furthermore, upregulation of adhesion molecules, E-selectin on submucosal vessels, and intercellular adhesion molecule-i (ICAM-1) in bronchial epithelium was detected in "chronic obstructive bronchitis".9 Increased numbers of eosinophils have also been found in the bronchial mucosa, bronchoalveolar lavage fluid and sputum of subjects with chronic bronchitis.710
Previous approaches to the study of the pathology of the lung in patients with COPD involved invasive methods. Recently, cell analysis in sputum induced by inhalation of hypertonic saline has been used to investigate airways inflammation. " The aim of this study was to assess the cellular component of airways inflammation with a non-invasive technique by analysis of induced sputum in a group of smokers and ex-smokers who were clinically and functionally followed up for 15 years. The relationship between smoking habit, chronic expectoration, airways obstruction, and rapid decay of lung function with intraluminal airways inflammation was also investigated. 
Methods

Discussion
On four occasions over 15 years a group of smokers and ex-smokers has been studied using lung function tests and a questionnaire on respiratory symptoms. Cell counts in induced sputum were used to characterise the subjects at the end of the study. We have found that chronic expectoration, airways obstruction, and rapid decline in lung function were associated with increased numbers of neutrophils in the sputum.
The average decline in FEVy over time for the group as a whole was 19-4 (12;30) ml/year. In most subjects there was a moderate decline in FEVy, but in a few there was little or no change and in some others the decline in FEVy was rapid, reaching FEV1/VC ratios as low as 40% (fig 1) . A few subjects who might be considered the high risk group -active industrial workers in their fifties at the start of the study -thus reached a functional profile after 15 years similar to that observed in symptomatic COPD.
The decline in FEV1 in smokers averaged 25-2 (17;32) ml/year (comparable to'9 20 or lower than2' that found by others) while that of ex-smokers was 17-1 (8;25) ml/year. The difference between smokers and ex-smokers confirms previous observations2223 that cessation of smoking results in a decrease in the rate of decline in FEV1 compared with that in those who continue to smoke.
There were no significant differences in the numbers of neutrophils in the sputum of smokers and ex-smokers and the cell profile of both groups is consistent with a chronic neutrophilic inflammation of the airways. It is therefore unlikely that the influx of neutrophils into the airways is an acute response to smoking. These results are in agreement with previous findings that have shown that airways inflammation induced by tobacco smoke may persist independently from smoking.24-27 It appears therefore that smoking is responsible for triggering inflammation of the airways which may, however, be self-perpetuating even after cessation of smoking.
Chronic mucus hypersecretion and airways obstruction are the two major characteristics of COPD. In a longitudinal study of middle aged male workers Fletcher et all found that mucus hypersecretion and airways obstruction might be associated, but they are not causally related. In a random sample of the general population one can therefore find subjects with airways obstruction or chronic mucus production only, subjects with both, and subjects without either of these defects. In the present study the highest percentage of neutrophils was found in subjects with both airways obstruction and chronic expectoration, and other groups had lower percentages of neutrophils (table 3) . Despite the small number of subjects in the two subgroups, the differences were significant using non parametric tests. Thompson et al6 have also found that smokers with more neutrophils in the bronchoalveolar fluid had significantly more sputum production and a lower FEVl and FEVN/VC ratio than did subjects with fewer bronchial neutrophils.
Increased numbers of neutrophils were detected in the sputum of subjects with a rapid decline in FEV, over the 15 year follow up period. Other studies have found high percentages of intraluminal neutrophils in patients with chronic bronchitis82829 and have reported an association of airway neutrophilia with airways obstruction in both bronchoalveolar lavage fluid6829 and bronchial biopsy specimens.2 However, this is the first report of an association between an accelerated decline in FEV, and excess sputum neutrophilia (fig 2) -for example, subjects with >70% neutrophils in the sputum had a decline in FEVl (27 ml/year) that was twice that observed in subjects with <70% neutrophils (12 ml/year).
In addition to neutrophils, eosinophils also characterise bronchial inflammation in patients with chronic bronchitis.7 10 In our subjects increased numbers of eosinophils in the sputum were detected in those with more severe airways obstruction, suggesting that eosinophils may be related to more severe or exacerbated disease. Although asthmatic subjects were discarded at the beginning of the study, we 
